The application of D2EHPA in zinc solvent extraction has extensive background. To utilize more effectively, response surface methodology was used to optimize the concentration condition of zinc pregnant solution (ZPL) extracted by D2EHPA. In the current research, zinc, iron and manganese extraction along with separation factor of zinc-iron (Sf (ZnFe)) and zinc-manganese (Sf (Zn-Mn)) were considered as the response values. The optimal ZPL conditions extracted with 30% D2EHPA as the extraction solvent were as follows: Zn 21.96 g/L, Fe 382.57 ppm, Mn 1 g/L, Sf (Zn-Fe) 8.26 and Sf (Zn-Mn) 1529.82. In addition, it was found that the iron and manganese concentration were the most effective factors affecting the zinc and manganese extraction, respectively.
Introduction
The extraction of zinc sulfate with di-2-ethylhexyl phosphoric acid (D2EHPA) is a well-known route in zinc purification industry. According to the literatures, extraction of zinc increases from 10% to ca. 99% with increasing pH from 0.5 to 2.5 and increasing D2EHPA concentration from 5% to 40% (w/w) [1] . It is obvious that enhancement of extractant makes distribution coefficient increase; however, it is noteworthy that the high cost of the organic extractant limits the usage of D2EHPA to less than 30% (v/v or w/w) [2] ; therefore, the best composition of D2EHPA in industrial zinc solvent extraction is 30% (v/v) dissolved in kerosene.
Mehdi Abad lead and Zinc mine located in Yazd, Iran with the fixed capacity of 200 M tons of sulfur and oxide ore is one of the greatest lead and zinc mines in the world. The investigations reveal that manganese and iron are the main and major impurities of Mehdi Abad ore, which consequently come to leach solution and associate with zinc ion. Therefore, evaluating the optimized concentration of impurities for solvent extraction process plays the significant role in the leaching and pre-concentration steps. These impurities have undesirable effect on the process. For instance, Mn 2+ ions, oxidized anodically to 4 ions, depolarize the H + ions discharge and thus reduce the current efficiency for zinc deposition [3] [4] [5] [6] [7] .
Furthermore the iron constitutes a severe impurity in zinc solution and must be removed before electrolysis [8] . Implementing iron (III) solvent extraction into the zinc roast-leach-electrowin flowsheet as a means of iron rejection has been under consideration for at least two decades [9] . MnO  Response surface methodology is used to reduce the number of assays necessary to optimize the process and to collect results more precise than those obtainable by traditional full factorial designs [10, 11] . Accordingly, RSM has been increasingly employed to optimize solvent extraction process. However, there is little information that shows which concentration of ZPL can be optimally extracted by D2EHPA. Therefore, the optimization condition of ZPL in detail which is extracted optimally by 30% (v/v) D2EHPA is the aim of this report. In the present research, the best concentrations of iron, manganese and zinc concentration, which are significant factor in Mehdi Abad ore, were found. Furthermore, the interactions effects between ions and the most effective factors on extractions were investigated. ments have been illustrated in Table 1 . The synthetic solutions were prepared with the chemicals at the target concentrations and are presented in Table 2 . The extractant, D2EHPA, was provided from BDH in England. It was dissolved in the industrial kerosene from Tehran Refinery Company, Iran as the diluent. The metal ion concentrations in the solutions were analyzed by PerkinElmer AA300 model atomic absorption spectro-photometer.
Procedure of Extraction
The extraction experiments were carried out in mechanicall agitated and thermostatic beakers. In each experiment, 50 mL of the solution containing various zinc, iron and manganese concentrations (see Table 3 ) and 50 mL of the extractant were agitated by a magnetic stirrer at a constant rate. The pH of the solution was adjusted to 2.5 by sulfuric acid and hydrogen hydroxide. After agitating the beakers for 10 min at equilibrium state, the organic phase was separated from the aqueous phase in a separator funnel. After separation, the concentrations of ions in the aqueous phase were analyzed by Perkin-Elmer AA300 model atomic absorption spectrophotometer. Concentration of metal ions calculation in the organic 
Experimental Design of RSM
To determine the optimal combination of extraction variables for the extraction ions, response surface method (RSM) was used. Table 2 shows the coded parameters and their levels, and Table 3 illustrates the coded, experimental and predicted values. As seen in Table 3 , three factors (i.e. concentrations of three ions) as the inputted data were used to model the extraction. The values for the extraction percent of zinc, iron, manganese (%E Zn, %E Fe and %E Mn), separation factor of zinc-iron (Sf (Zn-Fe)) and zinc-manganese (Sf (Zn-Mn)) in each trial were average of duplicates. Based on the experimental data, regression analysis was done and fitted into the quadratic model as shown in Equation (1).
where Y represents the response, X i and X j are variables, k is the number of independent variables (factors), A 0 is assigned as the constant coefficient, A ii and A ij are interaction coefficients of linear, quadratic and the secondorder terms, respectively, and ei stands for the error. Design-Expert 7.0.1.0 (Trial version, Stat-Ease Inc., Minneanopolis, MN, USA) was used for the experimental design and regression analysis of the experimental data. The Student's t-test and Fischer's F-test were used to check the statistical significance of the regression coefficient, and determine the second-order model equation, respectively. The lack of fit, the coefficient of determination (R 2 ) and the F-test value obtained from the analysis of variance (ANOVA) were applied to evaluate the adequacy of the model.
Result and Discussion
If all the aforementioned variables are assumed to be measurable, the response surface will be expressed as Equation (2):
where Y is candidate of responses and the X i variables are called factors. To model using RSM, a total of 18 experimental runs are required. The results inserted to Design Expert software were used to fit a model to these results. The equations of models in terms of coded factors are obtained as Equations (3) 
 
Sf Zn-Fe is not presented in this study because it is not significant due to p-value less than 0.05. Nevertheless,
Sf Zn-Mn has been modeled using RSM as Equationn (5). 
The result of analysis of variance (ANOVA) is illustrated in Table 4 -6.
The results of this table reveal that the prediction models of the zinc and manganese extraction percent and separation factor of zinc-manganese are significant since the p-value is less than 0.05.
The result of Table 4 indicated that the effect of ions concentration and their interactions on the zinc extraction are not significant. As observed in this table, iron concentration has the highest effect on zinc extraction. The reason for this effect is probably because of selective extraction of iron (III) ions (i.e., among other species) by D2EHPA. Table 5 illustrates the results of Mn extraction. The effect of all factors (variables) and their interactions except zinc concentration are significant on Mn extraction. As Table 5 , manganese concentration has the highest effect on manganese extraction. In addition, ) indicates that the model has been fitted very well. If this is a response surface design which is intended to be used for modeling the design space, then the R-squared values should be rather high (perhaps above 0.60) (Design Expert 7 Help). R 2 was found to be 0.904 for %E Zn, 0.991 for %E Mn and 0.627 for  Sf Zn-Mn , as shown in Figures 1 to 3 , which are acceptable statistically.
3D Response Surface Plots
The 3D response surface plots simulated by Design-Expert software are graphical representations in order to understand the interaction effects of variables and the Table 6 . Analysis of variance (ANOVA) of developed models for separation factor of zinc and manganese. relationship between the variables and responses. Three manganese as Equations (3) to (5) . These plots are shown dimensional (3D) plots for the aforementioned responses were molded based on the model equations for zinc and manganese extraction and separation factor of zincin Figures 4 to 6. In these figures, two variables versus responses at the center level of third variable have constructed the plots. tration and invariable effect of man the manganese extraction. Figure 5(b) illustrates that enhancement of manganese ions in the aqueous phase increases its extraction. In addition, this figure shows that zinc ions have approximately invariable effect on manganese extraction. In Figure 5(c) , the effect of zinc and iron concentrations on manganese extraction is relative. As seen in this figure, the lowest manganese extraction has occurred at the middle levels of zinc and iron concentrations. Finally, all plots of Figure 6 shows that higher amount of ions in the aqueous phase decreases separation factor of zinc-manganese.
Optimization by RSM
The aim of optimization is to h impurities. Therefore, the high lowest iron and manganese extraction and the highest values of separation factors were considered for optimizing by RSM. This optimization was carried out by DX7 software and the results of the process optimization with respect to the aforementioned aim were obtained as illustrated in Table 7 . As seen in this table, the zinc, iron and manganese extraction percent at pH of 2 and temperature of 40˚C reached 93.72%, 99.20% and 11.18%, respectively. At this condition, it was found that Zn 21.22 g/L, Fe 376.08 ppm and Mn 1.00 g/L are extracted by 30% (v/v) D2EHPA dissolved in kerosene.
This result reveals that to extract more effectively by 30% D2EHPA, the best ZPL should be as the o ndition of ions concentration. The desirability of this Figure  ws the desirability of the optium condition. As seen in this figure, at the optimum condition of iron concentration factor and the lowest levels of zinc and manganese concentration, the desirability of the model is high. timum con on achiev 7 sho acceptable. m fect on the zinc and manganese extraction, respectively.
